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Relevance Approach

Current and future automobiles will increasingly use composite materials in their structures to
reduce weight and increase fuel/energy efficiency. These structures, especially the critical parts — —
such as battery housing, must be monitored for safety. The vehicle’s outer body structure, often |
exposed to extreme conditions and mechanical impacts, should also be closely monitored for its
safety and to prevent failures. Innovative methods to monitor thermo-mechanical changes to
these composite parts will help provide early warning of any imminent failures and enable
precautionary measures to be taken to ensure safety.
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MONTHS AFTER PROJECT INITIATION| 9% Total | COMpPOSite materials*: Intellisense’s AMCOS system monitors the structural health of automotive components. The
HEBABAHABE Menteus  « | ack of understanding of innovation in AMCOS is its novel core-conductive sensing synthetic fibers that can be seamlessly
BT S properties with respect to Integrated into composite parts to detect structural breakdown of the host material. An electronic
fracture and energy reader digitizes the signal and an algorithm is used to warn the user if structural damage has
absorption occurred in the composite. The compact and lightweight design, as well as the fast readout,
Lack of predictive allow the use of AMCOS onboard automotive vehicles.
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FY20/21 Total Project Budget: $200,000 (fully funded by DOE) manufacturing capability
Partner agencies: DOE VTO A comparison of fiber sensor formulations for their electrical and mechanical properties
*Light-Duty Vehicles Technical Requirements and Gaps for Lightweight and Propulsion Materials Workshop Report, February 2013 was performed and a fiber type selected based on the findings that provide batch measurements
of 241 kQ for 10 bundles of 144 filaments at 1 ft length.
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 Analyzed DOE requirements for AMCOS and defined target
applications and system properties, focusing on automotive
components from composite materials.

« Designed the AMCOS Phase | system, taking into account the

Single fiber bundles of lengths of up to 30 ft were tested for noise level. To maintain a noise error
of <5%, the length of the double-twisted sensor line should be limited to approximately 12 ft,
which is sufficient for automotive parts.
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The technology will be matured further by optimizing the sensor spacing, testing smart fiber \_ Temperature (C) J

formulations to improve sensitivity, implementing mitigation strategies for charge buildup, and
performing tests to mimic conditions during transport. A facsimile automotive part with embedded
sensor fibers will be manufactured as the Phase Il prototype. The Phase | algorithm will be
improved by developing a machine learning-based approach to reliably distinguish between

Summary and Conclusion

different defects and time-to-failure estimations. Phase Il improvement will lead to a timely In Phase |, synthetic polymer (nylon) smart fiber yarns were successfully embedded in

technology transition and commercialization. woven composite panels, demonstrating the AMCOS technology’s compatibility with
composite manufacturing processes for automotive applications. Electrically conductive fiber

Specific tasks to be completed: sensor yarns were embedded in test coupons and electrically terminated for real-time

* Improve System Architecture and Design Phase Il Prototype continuous sensor readout. Their responses to external events, like strain, impact, and

* Formulate and Improve Sensing Fibers temperature changes, were experimentally measured.

« Design and Build Electronic Reader and Multi-Channel Connector

 Perform Mechanical and Environmental Tests in Laboratory Setting The results showed that the sensing fibers repeatably and accurately detect strain,

« Assemble Facsimile Automotive Part with Embedded Sensing Fibers iImpacts, and temperature changes, and that calibration procedures can be used to

« Perform Vibration and Use Case Testing establish a quantitative relationship between resistance and strain as well as

« Develop and Test Machine Learning-Based Failure-Detection Algorithm resistance and temperature. An algorithm was developed to automatically identify impacts

» Test the Phase Il Prototype and distinguish them from other events, such as temperature changes.

\_ Any proposed future work is subject to change based on funding levels,
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